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INTRODUCTION
This report summarizes the second year's work and experience in a
study of the contamination characters of selected materials used in
space technology testing. Specific materials were subjected to a ther-
mal vacuum environment, and the outgases were collected on a cold test
mirror surface. Approximately one-half of the surface of the mirror was
subjected to uv irradiation while the outgases were being deposited on
the mirror. The purpose of these experiments was to determine the ef-
fect of uv irradiation on the contaminative character of outgases from
selected materials.
The degree of contamination was measured in terms of degradation
of the optical properties of the test mirror and the amount of deposit
per unit area on quartz crystal microbalances placed near the test mir-
ror, and by means of quadrupole mass spectral measurements of outgases
from the test samples.
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EXPERIMENTAL APPARATUS AND PROCEDURES
The thermal-vacuum apparatus used in these tests was constructed
during the study. Although the basic apparatus was described in Bi-
monthly Progress Report No. 8, it is described below for convenience.
Figure 1 is a drawing of the vacuum chamber mounted on the McPherson
Model 225 spectrophotometer. The chill-plate on which the test mirror
and the quartz crystal microbalances are mounted can be shifted from
side-to-side by means of a gear drive through the top of the chamber in
order to observe the uv irradiated or nonirradiated portions of the
mirror. The uv source is so directed that only half of the mirror is
irradiated during the thermal vacuum tests. The sensor of one micro-
balance is irradiated, and that of the other is not.
In the earlier experiments, which included insulated wire (TRT-24-
19-V-93, Eccofoam FS) and in preliminary experiments on polyolefin
shrinkable tubing (Thermofit RNF-100), a sample holder was used that
was well focused on the center of the test mirror. The flux of outgases
was therefore many times higher on the mirror than it was on the quartz
crystals of the microbalances. This led to deposition of a much thicker
film of contaminants on the mirror than on the balance crystals, making
it difficult to correlate the microbalance results with the weight of
the deposit on the mirror.
The remainder of the experiments on the materials listed in Table
I were made with a sample holder that distributes the outgases through
a wider angle. Figure 2 gives an approximate curve for the flux of out-
gases at the mirror surface and at the microbalance surface using the
second sample holder. If all the outgases reached the mirror, the flux
would be approximately 1.0. This represents the outgases from the sample
passing through a 4-sq-in. area. It can be seen from this curve that the
flux at the mirror is at least 5 times as great as it is at the micro-
balance crystals. Thus, the microbalance results should probably be
multiplied by approximately 5 to get the average deposit intensities that
would be found on the mirror.
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A second factor that makes it difficult to correlate the micro-
balance results with thickness of deposits on the mirror is that the
mirror was held at a colder temperature than the crystals of the micro-
balance because of poor thermal contact between the crystals and the
chill-plate. Thus, condensation was probably more efficient on the mir-
ror than on the crystals. This is particularly true of the irradiated
crystal because of irradiative heating.
Not shown in Figure 1 are the ionizer section of a quadrupole mass
spectrometer, which is placed in a port in the wall of the main chamber
but not in line-of-sight of the test sample, the sensor of a CVC Type
GIC-110 ionization vacuum gage, and other auxiliary ports. The chill-
plate is cooled by means of refrigerant from an external refrigerator
charged with monochlorodifluoromethane.
The uv source gives the following intensities at the surface of the
mirror:
Wavelength Intensity (watts/cm2)
2753 0.02
2804/5/6 0.04
2894 0.11
2968 0.23
3023/6 0.33
3650 0.81
The experimental procedure was as follows. A 1-g sample of finely
divided material was placed in the sample holder. The vacuum system
was sealed, and it was evacuated with a diffusion pump charged with Dow
Corning 705 diffusion pump fluid. The pressure dropped rapidly to the
10-6 torr range. The system was pumped overnight or at least for several
hours until the chamber pressure was approximately 2 X 10 - 7 torr.
The gate valve to the McPherson spectrophotometer was opened, and
the chamber pressure increased to the 10 - 5 torr range. The spectral
reflectivity for the wavelength range of 1000 to 6000 A was measured on
two areas of the mirror. The two parts of the mirror scanned represent
6
mercury lamp irradiated and nonirradiated areas during the experiment.
The gate valve was closed, and the chamber pressure dropped to the 10- 7
torr range.
The chill-plate refrigerator was turned on, and the chill-plate
that holds the test mirror cooled to -10 to -200 C in approximately 20
minutes.
Mass spectra of the chamber gases were determined with a quadru-
pole mass spectrometer before, and at numerous times during the experi-
ment to gather information concerning the molecular species emitted
from the sample.
Chamber pressure readings were made with a Consolidated Vacuum
Corporation Type GIC-110 ionization vacuum gage as often as necessary
to define the time-pressure relationship during the experiment. Fre-
quent readings were also taken with the quartz crystal microbalance.
The exposed crystal of one of the microbalances was irradiated with the
mercury lamp; the exposed crystal of the other microbalance was not ir-
radiated.
The sample holder was heated from ambient temperature to 1250 C in
approximately 20 minutes. The power to the heater was then reduced to
maintain the sample temperature at 1250C.
At the conclusion of the experiment the power to the sample heater
was turned off and the sample holder allowed to cool. The uv irradia-
tion source was turned off and the spectral reflectivity from 1000 to
6000 A was measured on irradiated and nonirradiated areas of the test
mirror.
Next, the chill-plate refrigerator was turned off and the chill-
plate heater turned on. The chill-plate was heated to 800 C in approx-
imately 20 minutes. During this period, mass spectral patterns on the
chamber gases were measured frequently. The power to the heater was
then set to hold the temperature at 800 C for 30 minutes.
Again, the reflectivity was measured on the two areas of the test
mirror. The chamber was held under vacuum for a period of several hours
7
to allow the chill-plate to come to ambient temperature. The chamber
was opened and the test mirror was removed for examination. Photo-
graphs and photomicrographs were taken to document the general appear-
ance and nature of the deposits. Other tests were also made on the de-
posits to characterize them further. These tests included visible and
infrared reflectivity in the 0.2- to 15-micron range, solubility of the
deposit in organic solvents, elemental composition, weight, and the
infrared absorption spectrum of a concentrated solution of the deposits.
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RESULTS AND DISCUSSION
Materials subjected to thermal-vacuum treatment with uv irradiation
of the test mirror on which outgases deposited are listed in Table I.
Photographs of the test mirrors after removing them from the vacuum
chamber, given in Figure 3, gave a good permanent record of the visual
appearance of the deposits. There is a qualitative agreement between
the appearance of these photographs and the other data collected in
these studies.
Thermofit RNF-100
During the course of the study several tests were run on Thermofit
RNF-100. Figure 4 gives reflectivity curves for uv-irradiated and non-
irradiated portions of a mirror subjected to outgases of Thermofit RNF-
100 for a period of 5 hours with the highly focused sample holder. The
data on which these curves were based were measured with a Cary Model
14M spectrophotometer after the mirror was removed from the vacuum
chamber.
Figure 5 shows reflectivity curves for RNF-100 measured with the
McPherson vacuum uv spectrophotometer with the mirror still in the
vacuum system and with the chill-plate cold. Since the wide-angle sample
holder was used in this experiment, the outgas flux was approximately
that shown in Figure 2.
Figure 6 gives reflectivity curves for the same mirror after the
chill-plate was held at 800 C for 30 minutes, still in the vacuum chamber.
It is apparent that this heat treatment of the contaminated mirror under
vacuum did not improve the reflectivity significantly. These measure-
ments were made after 96 hours of exposure of the mirror to outgases of
a l-g sample of RNF-100. The sample chamber was held at 1250C, and the
chill-plate was held at -200 C for the duration of the 96-hour exposure.
Figure 7 gives the microbalance results for the 96-hour experiment.
It shows that the nonirradiated crystal gained more weight than the ir-
radiated one and that deposition continued at an appreciable rate during
9
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the total period of the experiment. Thus, RNF-100 continues to outgas
over a long period of time. The heavier deposit on the nonirradiated
crystal correlates well with the visual appearance of the mirror.
Visual inspection of the mirror after the experiment showed that the
nonirradiated side had a heavier deposit than the irradiated side. It
is estimated from the weight increases of the mirror, from the quartz
crystal microbalance results, and from Figure 2 that the deposit was about
0.2 micron thick on the mirror at the end of the experiment. This ma-
terial gave by far the heaviest deposit of any of the materials studied
so far.
Figure 8 gives the quadrupole mass spectrum for outgases from the
sample just as the sample initially reached 1250C. Figure 9 gives a
quadrupole mass spectrum recorded during the time near the end of the
experiment when the chill-plate had been heated from -300 C to +80 0C.
The spectra in Figures 8 and 9 are similar and probably represent pre-
dominately C6 -hydrocarbons.
Insulated Wire - TRT-24-19-V-93
Figure 10 gives chamber pressure and microbalance readings for in-
sulated wire, TRT-24-19-V-93. Since this experiment was run with the
focused sample holder, the deposit on the mirror was unrealistically
heavy. There was very little deposit on the irradiated portion of the
mirror and a heavy white deposit on the nonirradiated areas. The re-
flectivity curves taken after the chill-plate had been held at 800C for
30 minutes, given in Figure 11, shows this effect. Reflectivity data
for wavelengths larger than 6000 A were taken on the mirror after it
had been removed from the vacuum chamber. The deposits caused no degra-
dation of reflectivity in the 2- to 15-micron region.
Figure 12 shows the quadrupole mass spectrum of sample outgases at
the time the sample heater reached 1250C. Figure 13 is the quadrupole
mass spectrum for the gases emitted from the chill-plate upon reaching
a temperature of 800 C.
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FIGURE 12 QUADRUPOLE MASS SPECTRUM FOR OUTGASES FROM INSULATED
WIRE-TRT 24-19-V-93 (chill-plate heater on)
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FIGURE 13 QUADRUPOLE MASS SPECTRUM FOR OUTGASES FROM INSULATED
WIRE-TRT 24-19-V-93 (sample heater on)
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Eccofoam FS
Figure 14 gives pressure and microbalance results for Eccofoam FS.
This was the last experiment in which the focused sample holder was
used. There was a slight but visible deposit on the nonirradiated por-
tion of the test mirror. The reflectivity curves in Figure 15 show no
degradation above 7000 A.
Figure 16 is the quadrupole mass spectrum for sample outgases when
the sample heater reached 1250C. Figure 17 is the quadrupole mass spec-
trum of gases emitted from the chill-plate when it reached 800C.
Moxness MS 60S08
Moxness material MS60 S08 was the first material tested with the
nonfocused sample holder. This material gave the sample chamber pressure
and microbalance curves given in Figure 18. The uv-irradiated area of
the test mirror had a white, cracked appearing deposit, although the
nonirradiated area appeared to be almost clean. Thickness of the deposit
was in the range of 0.03 to 0.05 micron, the irradiated side of the mir-
ror having the heaviest deposit. The reflectivity curves in Figure 19
showed relative reflectivities that were considerably above 1.0 at some
wavelengths. In this case, a mirror with a very thin aluminum coating
was used. This mirror exhibited considerable transmission of light in
the visible region. The aluminum film was undoubtedly too thin to give
good reflectivity in the uv region. Thus, the results at wavelengths
shorter than 5000 A do not give much useful information about the con-
taminant deposited on the mirror.
The quadrupole mass spectra for sample outgases and gases emitted
from the heated chill-plate consisted of only low-molecular-weight peaks
with water predominating.
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Raychem Wire - 44/0411
Chamber pressure and microbalance curves for Raychem wire 44/0411
are given in Figure 20, and reflectivity curves are given in Figure 21.
The kind of structure shown in Figure 21 is very similar to the theo-
retically derived reflectivity curves for a good aluminum reflector
coated with a thin film of dielectric material. The mirror deposit was
from 0.01 to 0.03 micron thick.
Except for water, no significant peaks were noted in the quadru-
pole mass spectra for sample outgases or gases emitted from the heated
chill-plate.
Polyimide Tape X1156
Figure 22 shows chamber pressure and microbalance curves for Poly-
imide Tape X1156. The hump in the microbalance curve at 1 hour after
the experiment was started was probably caused by material of inter-
mediate volatility that deposited temporarily on the quartz crystal but
was gradually pumped off. Simultaneously, less volatile material was
being deposited and continued to build up on the balance sensor through-
out the term of the experiment. So little material was deposited on
the mirror that it appeared to be clean at the end of the experiment.
The mirror deposit was less than 0.01 micron thick. Figure 23 shows
that there was degradation of the reflectivity only on the uv-
irradiated area and only at wavelengths less than 2500 A. The non-
irradiated portion of the mirror showed no degradation.
The quadrupole mass spectra of the sample outgases and gases e-
mitted from the heated chill-plate showed water as the only significant
constituent.
Insulgrease G-640
Insulgrease G-640 gave the results shown in Figures 24 and 25.
There was a slight deposit on the irradiated area. The deposit was
about 0.01 to 0.03 micron thick.
Water was the main component indicated in the quadrupole mass spec-
tra of the sample outgases and gases emitted from the heated chill-plate.
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Dow Corning High Vacuum Grease
Dow Corning High Vacuum Silicone Grease gave the results shown in
Figures 26 and 27. There was very little deposit on the mirror. It
was less than 0.01-micron thick. As indicated by the lightness of the
deposit on the mirror, no significant components other than water were
noted in the quadrupole mass spectra of the sample outgases or gases
emitted from the heated chill-plate.
Scotch Pressure-Sensitive Tape No. Y-9050, 3M Company
A 1-g sample of Tape No. Y-9050 was subjected to a 96-hour uv-
irradiated thermal-vacuum experiment. Figure 28 gives reflectivity
curves for irradiated and nonirradiated areas of the test mirror at the
end of the test with the chill-plate still at -200 C. Figure 29 gives
similar curves after the chill-plate was held at 80 0 C for 30 minutes.
We have no explanation for the reflectivity values greater than 1.0 in
the 0.16 to 0.22 micron region.
Figure 30 gives quartz crystal microbalance results for Tape No.
Y-9050. In this case the deposit was heavier on the irradiated crystal
and also on the irradiated side of the test mirror. When the mirror
was removed from the test chamber, it appeared to be almost clean with
only a slight fog on the irradiated side. The most intense deposits on
the mirror in this experiment were probably no more than 0.05-micron
thick.
The quadrupole mass spectral patterns were weak, showing only low-
molecular-weight peaks, with water as the predominant contributor.
Eccofoam FPH, Emerson & Cuming, Inc.
Eccofoam FPH with catalyst 12-4H was cured at 1050 C for 1.5 hours
and cut into slices that were approximately 1/2 in. X 1/2 in. X 5 /16 in.
A 1-g sample was subjected to a 96-hour, uv-irradiated, thermal-vacuum
test. Reflectivity results are given in Figures 31 and 32. The deposit
was definitely heavier on the nonirradiated area of the test mirror.
The microbalance results in Figure 33 also show heavier deposits on the
nonirradiated side. It is estimated that the deposits on the mirror were
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no more than approximately 0.03-micron thick on the nonirradiated side
and less than 0.01-micron thick on the irradiated area.
The quadrupole mass spectral patterns were very weak, showing only
very low-molecular-weight peaks.
RTV-41 Liquid Silicone Rubber, General Electric
General Electric Company's RTV-41 liquid silicone rubber was cured
by the method described in Technical Data Book S-35. A l-g sample was
subjected to a uv-irradiated thermal-vacuum experiment with a 138-hour
duration. Reflectivity results for the test mirror at the end of the
experiment are given in Figures 34 and 35. The deposit was about 0.01
to 0.03 micron thick and was heavier on the irradiated area of the mir-
ror. Only one microbalance functioned properly during this experiment.
Figure 36 gives microbalance results for the irradiated side. A maximum
was reached at about 20 hours, after which the irradiated crystal lost
weight. This weight loss was probably caused by revolatilization of
deposited material.
The quadrupole mass spectral curves showed no significant outgasing
peaks for materials other than water.
RTV-577 Liquid Silicone Rubber, General Electric
RTV-577 was prepared following the instructions in Technical Data
Book S-35 using the 0.5% Dibutyl Tin Dilaurate procedure. A 1-g sample
was subjected to a 94-hour irradiated thermal-vacuum test.
The reflectivity of the irradiated and nonirradiated sides of the
mirror after the chill-plate had been heated is shown in Figure 37.
Microbalance results are presented in Figure 38. The thickness of the
deposit is about 0.10 to 0.15 micron and is the heaviest on the irradi-
ated.side of the mirror.
The quadrupole mass spectra of the sample outgases and gases e-
mitted from the chill-plate at 800 C indicate water as the only sig-
nificant component.
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RTV-602 Liquid Silicone Rubber, General Electric
RTV-602 was prepared using the instructions in Technical Data Book
S-35 for the 0.50% SRC-05 procedure. A 70-hour irradiated thermal-
vacuum test was conducted with a 1-g sample.
Figure 39 shows the reflectivity of the irradiated and nonirradi-
ated sides of the mirror. Microbalance results are shown in Figure 40.
The deposit is very light, the nonirradiated side being slightly heavier.
The thickness of the deposit is no more than 0.01 micron. The heavy
deposit indicated in Figure 40 was almost completely driven off by heat-
ing the chill-plate.
The quadrupole mass spectra were weak, and only water is discern-
ible in the sample outgases and gases emitted from the heated chill-
plate.
Epon 934 - Epoxy Adhesive, Shell Chemical Co.
Epon 934 was prepared using the label instructions. A 1-g sample
was used in the irradiated thermal-vacuum test. The test was run for
a duration of 137 hours.
The reflectivity of the mirror is presented in Figure 41. Micro-
balance results are shown in Figure 42. From both graphs and from
Figure 3 it can be seen that the irradiated side of the mirror has the
heaviest deposit. It is estimated that the deposit is from 0.01 to
0.03 micron thick.
The quadrupole mass spectra were weak and showed no significant
peaks other than water.
Stycast 1090 - Epoxy Foam, Emerson & Cuming, Inc.
Stycast 1090 was prepared following the label instructions for the
procedure using catalyst No. 9. The irradiated thermal-vacuum test was
conducted with a 1-g sample for a period of 168 hours.
Reflectivity curves for the mirror are shown in Figure 43. Micro-
balance results are displayed in Figure 44. The mirror deposit is from
0.05 to 0.08 micron thick. Figure 43 and Figure 44 show the deposit to
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be heaviest on the irradiated side. For some unknown reason, Figure 44
indicates the opposite.
The quadrupole mass spectra of sample outgases and gases emitted
from the heated chill-plate are weak and show nothing significant be-
sides water.
Epon 828 - Epoxy Adhesive, Shell Chemical Co.
Epon 828 was prepared using 100 parts Epon 828 resin with 50 parts
Versamid 125. A l-g sample was exposed for 217 hours to an irradiated
thermal-vacuum test.
Reflectivity curves shown in Figure 45 and microbalance results
presented in Figure 46 all show that the irradiated side of the mirror
has the heaviest deposit. The irregularities in the microbalance curves
were caused by poor temperature control of the chill-plate. The deposit
is light and ranges from 0.01 to 0.03 micron in thickness.
Quadrupole mass spectra are very weak with water being the major
component.
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FUTURE WORK
Before additional experiments are carried out, changes will be made
to the existing equipment as called for in Modifications 1 and 2 of the
contract. These include adapting a Cary Model 14 M spectrophotometer
for making in situ measurements of the mirror's reflectivity from 0.110
to 2.50 Am. These measurements will be made at 5, 20, and 100 hours
with the mass accretions noted at those times. Also, the quadrupole mass
spectrometer will be placed in line-of-sight with the outgassing sample.
Some of the materials that will be studied during the remainder of
this study are given in Table II.
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